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technologists depends upon the examination of the structure of the
educational process today. This paper discusses the setting in which
educational decisions are made and implemented. The author identifies
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by Robert G. Smith, Jr.* b
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This papcry has been prepared for the Commission on Instructional
Technology, to digcuss the following questions:

How can the educational cowmunity best specify dts nceds in order

4
/

for industry to respond with the most appropriate equipment, progrems,
etc.? How can the educational community and industry ccteblish a

closer working relationship and better mutuval understanding so that

-

industry can more closely meet cducation's technological requirements?
These questions raise a number of answers, which deal with matters

which are not eacy to resolve. The origins of potential solutions must be

e e

sought. in the ecology of education, the systems approach to instruction,
L]
]
and the process of social change.

THE ECOLOGY OF EDUCATION

"Political Factors

The most common form of political coutrol of education is the local-
school district, governed by a school board. The schocl boerd, in turn,
is influenced by the local power structure in the major decisions made ebout

.

. the schools. This influence has been described by Kimbrough (1965). The

4

major decisions are made by the influential persons in the community in
informal meetings cowmpletely outside formal governmental procedurcs. The

influential people generally develop through shared informal interaction
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a frame of reference upon which these decisions are basced. L

Actions of the lccal school boards are in turn constrained By state
laws which deal with such matters as certification of.teachers, attendance
and curriculum. School bLooks are often selected on the state level, or at
least a limited choice selected, from which the tcacher way choose.

In recent years, the federal government has made a variety of attempts
to encourage innovations in the schools. Howevern, becausce federal funds
have been uced as a kind of "bribe'" to emcourage school descgragation, there
are strong pressurcs to simply pass on the federal fﬁnds to the states
without any federsl contrel at all. If this happens, the push towqrd
ipnovation will be gone.

Traditionally, the classroom teachex has exercised little decision
méking power. The educational specialists and supervisors have been able

to exert some influence in meking decisions. However, the major decisions

concerning the schiools are still likely to be made by persons who are not
\ » .

-

educators.
The schools have been under severe attack on one ground or another for
about ten years. The launching of Sputnik by the USSR in 1957 set off a

major criticism of the schools for failing to develop scientists and en-

gineers. ‘'College professors have been critical of the way their subjects

* have been taught in the schools, and have involved thenselves in the prep-

aration of school courses. More recently, the schools have been criticized

for their failures to teach éhildren in the inmer city. Student unrest,
starting ih the collegzs and universities, has begun to reach the high

schools.

The effect of all this criticism has been to make educators and teachers

.
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(~: less tolerant of cven modest proposals for change. School administrators
have objected to tlie modest proposals for a national assessment éf education.
Teachers arc becoming unionized, and turning to the s?rike as o means of
securing their demands.
The dmplicatious for those who wish to develop and sell equipment to
the schocls are clear. Therce are many groups which may have influcnce

on the decision to buy. They must all be reached.

The Educator and His

General Characteristics

As Biddle and Yossl (1967) have pointed out, education is labor-
intensive---that is, rclatively little cquipment is involved in the cduca-
tional process. The capital investment in the public schools in the main

consists of the real estate on whith the school stands, the buildings, and

the furniturc, .

The industrial revolution, then, has not yet come to education. The
teaéhing process most commonly means the students énd one (or somctimes
more,- in the case of team teachiﬁg) teacher in a room. At the primary level,
especially, there is little.differentiation of functions. The teachers

are viewed as nearly interchangeable units, so that a given teacher may be

assigned to teach in a different gradé cach year.

In an insightful article on why éo little change occurs in education
as a result of educational rescarch, Travers (1962) has described some general
characteristics of educators. Sieber (1968) describes related'matters.

The first-point to be noted is that educators represent a highly}selectcd

subculturzs. A rigorous self-screening takes placce because of the require-

(‘ ments of tecacher certification and the courses nceded to cobtain a certificate.

The. selection process is still more stringent for the principals and super-

b
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intendents.  They generally must have both a teacliing certificate and

-
Py

experience as a clasgsroom teacher.
Travers points oul that while cducators tend to.be above average in

intelligonce, they tend not to include meny of those who are very high in

intelligence. They are gencrally not very innovative or scientifmc; rather
they pref=2r the day-to-day routine of teaching or administratiqn, and are
congervative in outlook,

The human aspocts of the relationship between students and teachers tend
to be highly valued by educators; as a resvlt they tend to vesist the idea
of replacing any human function with cquipment or other media. One form
this resistonce takes is a tendency to label innovations as just aﬁother
"aid" to the teecher--even if the innovation could (and pérhaps should,
for maximunm advantagcﬁ radically change teacher functions.

Even those who are convinced of the need for radical reform in our

)

schools, make statements about '"mothing ever replacing the teacher." In
L}

addition, cvery time any piecce of equipment comes into the schools, or is

even suggested, the question of "what about human warmth?" is raised. This
suggcéts an ideal which forgets £hat there are also such qualities as
human indiffcrence, anger, éarcasm, and laziness.
While the teacher or principal may.haye little direct decision-making
- power over the major matters, they can certainly affect equipmenf usage,

.

and thereby purchascs. The legendary 'closets full of unused audiovisual

. equipment' which are supposed to exist in the schools, certainly do not
promote the sales of new equipment.
- Further, one can hardly blame the teacher for neglecting to usc equip-

ment which he has not been taught to use with ease; which is awkward and




elumsy to move around; which is difficult to check out of the supply room;

and for whicl there are no new and up-to--date tapes, films, owx slides.
THE ROLE OF MLDIA TN A SYSTRNS
APPROACH TO EDUCATION

The Concept of an Instructional System

The prescent author (Smith, 19606) has described the concept of aﬁ Jn-
‘structional system as an integrated set. of medisz, methods, peoplc,'and
equipmaht, perforning efficien:ly the functions requircd to accomplich oné
or more olijectives.
This concept implics that:

1. There are clearly defined goals for the system. For jnstruction,
-thesc goals arc objectivcs which describe the behavior we wish to produce
in the student.
2. There are functions that are to be carried out by the media,
methods, feoPle,and cquipment. The particular way thesc functions are to be
carried out, and by which means, is a matter to be dzcided on a cost-cifec-
tiveness basis. Thus the system concept is peutral as to whether a particular
function requires peopie or.equipument. It only asks that the 1eaét expensive
ﬁay that accomplisheg the objective be selectead.
3. The various elements that-maké up the system are properly

integrated to carry out the objectives of the system.
An Example of a Non-Systew

In order to try to illustrate the nature of an educational systeu,
let me describe a non-system. This is the truc story of how my doughtex

learned to hatc French through educational television.
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The City of Hampton, Virginia was proud of the fact that they usdd
educational television. Stories on the use of television in the schools
regularly appearcd in the newspapers cxtolling the featurcs of telovision
for edﬁcation. Three times a veck, for a half-hour period, a coursc in
French was broadeast. Tor three yvears, during the fourth, fifth and sixth
grades, undcr three different teachers, here is what happened to my daughtca,
Three times a weck, the teacher quicted the pupils, and turpced on £hc tele--
vision sct. The broadecast was all in I'rench. Whon the program vas over,
the teacher twined off the sect and moved on Lo other subjects.

The children thus leained Lhat Trench wes a dull subject that -no one
could understand. When T talked to the teachers, they admitted that they
didn't like the situation, but nome of them knew any French and they could
not support the broadcasts with explanations or practice exercises. But
théy did %know 3£ the principal came by and looked in their door window,
they had better,have the television sct on.

" When I talked to the priﬁcipal, he told me that he knew of the problem,
ard had complained to the adminiétration. He felt that special training
should have been provided the teachers, or at least a traveling French
teacher to help his teachers. But he did know that if the language super-
visor happened to come by, those television sets had better be turned on.

When this situation is analyzed from the system standpoint, the objecc-
tives were not clearly established, all the functions needed to accomplish
them were not effective, and there was no cocrdination among the components

which should have been carrying out the functions.
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System Objcctives _ o

Objectives are theo purposes of an instructional system. They are an
explicit statenent of. the performances expected of thé student at the end

éf his instruvetion. As describad by Mager (1962), in oxder to be sufficiently
specific the objectivc'should specify (a) a statcment of the performance,
expressed in action words; (b) a statement of the coﬁditions uﬁderlwhich

the performance will be observed or measured; and (c) a standard of accuracy
and/or tiue,

Ammerman and Melching (19065) point out that objectives arc organized

into a hierarchical structure:

1. General objectives describe anm entire coursc or a major part

-

of a course.

2. Terminal objectives represent meaningful units of job or life
behavior subsumed in the general objective.

3. Enabling objectives represeat knowledges or skills that must

be mastered if the student is to attain the terminal objectives.

-

- The present author (Smith, 1964) has debscribed the processes involved

in deriving training objectives for specific jobs. The basis for training

objectives is a dctailed description of the job. The problem of deriving

~educational objectives is more difficult, and the basic questions are much
broader. Which parts of education are similar to job training? Should we

base educational objectives on preparation of the individual to fit into

T

society, or should we try to develop each individual to his greatest potential?

To what extent ‘should the individual student develop his own objectives?

.

Are each of these rationales appropriate to different aspects of cducation?
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/ These broad aind fundamental questions are as yet unresolved. In.order
to proceed with the design of an instructional system, it is possible,

although not desirable, to by-pass them. VWhat is essential for system design

is that objectives be specificd in terms of Mager's criteria——that is,
performance, conditions, and standards-—-and then organized in accordance with
the suggestions o£ Avmerman and Melching on defining general, terminal,

and cnabling objectives.

Objectives specificed in these terms provide a guide to the sclection’

of media, methods and other equipment, and to how the instructional stalf

and students should perform.

¢ ‘.

. Instructional System Functions

v

Smith (1966) has identified several functions which must be pexformed

AN

in an instructional system.

v q“ - -7 5 ~ 1 ¥ '] [} ] 0}
The PraCLLQG of Performance, fhis function is concerned with the

.

practice of a terminal objective or an cnabling objecctive which requires
performance. The most important requirements are simulation of the cues

and responscs involved in the objective, coupled with a way of providing

" the student with knowledge of the results of his practice.

The Practice of Knowledge. This function deals with the practice of
enabling objectives representing knowledge. The means for practicing knowledge

include workbooks, programucd texts, and classroom communicators, such as

the EDEX system. As with the practice of performance, knowledge of results

\

should be provided.

The Presentation of Knowledge., Here the concern is with one-way pre-

sentation of knowledge or information to the student. Research results
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suggest that the message is more dmportant than the medium, although_the

characteristics of the medium may limit the kinds of messages which may

’

be sent.

The Management of Students. In this function arc included all the things

that are neccessary to keep the student profitably occupied in the functions

described above. Included here are ways of dealing with individual differences

~

between students, and ways of motivating students to learn.

Quality Control. The function of quality coutrol requires four general
processes (Smith, 1965). The first is the development of tests to measure
the attainment of objectives. The tests arce then adminidstered to the stu-

dents. The results are fed back to the system managers. Finally, action is

“taken to improve those parts of the system which are not accomplishing the

objectives.

The Role of Techunology in an
Instructional System

In an instructional system, the various functions arc carried out by 2
vaziety of components. The systém concept is neutral on the point as to
whether these cowmponents should be human or not. The decision on the means
for exccuting system functions is made en a basis of relative cost' and
effectivencss,

A particular element of the educational technology, such as a tape '
recorder, will perform one or more of the functions required to accomplish
an objective. Whether a specific element is suitablg will depénd both on

the objective and the function being carried out.

-
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If a school has adopted the system concept, it will be relatively casy
to specify the requirements for equipment and programe. They will perform

~

the reqpired functions to accomplish specific objectives.
EDUCATTONAL INNOVATION

It was noted carlicer that education is a labor-intensive enterprise.

The introduction of any item of equipment into such a situation represents
' a fairly major innovation. Thus it is important to congider the problems
of innovation in education.

A review of the recent 1itcraturc on innovatione and their spread,
made by McClelland (1968) in a study of the process of effecting cﬁangc,
has shown that the principal emphasis in the litcrature falls on the diffi-
culties of innovating.

The diffusion of innovations has been described by Rogers (1968) as

#

being affected by four key elements: the innovation, communicated to membelrs
2

of a social system, who adopt it over a time period.
Qonsidering the characteristics of an innovation, Rogers describes the
following as being the features chat appear to affect the rate of adoption:
1. Relative advantage-—~the extent to which an innovation is visibiy
better than what it supersedes.

2. Campatibility—~the extent to which an innovation is consistent

with the present values and previous experience of the potential adopter.

3. Divisibility--the extent to which an inuovation may be tried
out on a limited or partial basis. Divisibility favors adoption.

4. Complexity--the characteristic of an inuovation which involves

difficulty on the part of people to understand or use it. DMore complex
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innovations either will spread slowly or must be inteprated with a catefully
planned program of training.,

5. Communicability-—the extent to which the results of the adoption

or rejection of the new idea or item are visible to others. This charac~

1.0 0.0

teristic explains why material things alffuse more rapildly than coﬁcepts.

The Human Resources Research Organization and dits staff have hdd X
tensive experience in assisting the Army to vse training innovatiogs based .
on research. We have learned a number of lescons about factors that incréase
the likelihood of successful implementation of research results:

1. Only rarely do rcsearch inmovations become adopted on-the basis

of a formal writien report. Instead, the results of the rescarch (provided

that the innovation is superior to existing practice) must be clcarly com-

municated to every decision-making level.

2. Aloption is aided by the involvement of military personnel in
the research and their later endorsement of the value of the inmovation.

3. It is worthwhilec to do a great deal of work to enginecer the
innovation 50 that it can fit re}atively eas}ly into the éxisting training
structure.

4. TFor some inmmovations, it has been necessary to conduct training
programs and preparc guidance documents foi A;my personnel who are to use
the new technique. ' ' : | .

A point which should not be overiooked is that the Army génerally is
interested i using the results of training research and development as a
means of obtaiqing not only improved training, but a return on its investment

in research.

T S e 4 e sy
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. We will recturn to thesc points when specific suggestions are mada for

improving the likelihood of inmovation in education,

‘

INSTLIULIORALLZYED TRNOVATION

The American way of organizing educalbion involves thousands cof rela-
tively independent school districts, Many districts are not sufficicently
large to have a long-range planning staff whose function it jg to systemat-

v
ically seek for innovations and to make surce that they are institutionalized
in an orderly way. However, it s not inconcecivable that the larger dis-

. tricts, or confcderations of smaller districts, could develop such.staffs.

The only insititutions, to my knowledge, which have developed such a

-planning staff are the Armcd Forgcs. The general characteristics of this

.

ﬁrocess will be described below.

Projection of the Future

L]
In the Armed Forces, planning is developed which covers a series of

‘time periods, ranging up to aboug twenlty yecars into the future. ¥For cach

of thésc timé pcriods.there is a projection.zf the characteristics of the
future which are of importaﬁce to national defense. The most important

péint for the tcpic of.this papcr is that ecach of these plans is‘pefiodically
rcvised tovbring new devélopments into their proper perspective, and the new

plan for the farthest year is developed. Thus there is a series of plans

fv and projections of the future, cach regulaily modified and refined.
- Plans for Ncw VWeapons and

Organizations

ka Along with projections of future coiditions, there are projections of

< wn
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noew organd zations and new weapons that will be required to deal with .the
problems of the futurc. This process of outlining new organizaéiéns and
weapons in tuin becomes more detailed and specific as time goes on.

Another part of the plaming process o the development of technological
forcecasts vhich not only predict the state of technology of the future, but
also ropresent goals toward which the scicntists and engincers can work
to make the predictions come true.

Bringing the Imovations dinto
Being

v

As teclmologilcal developments make now weepons and organizations feasible,
plans arc developed for bringing the innovatlions duto being and phasing out
the obsoleota,

New weapons arce dcsignod as complete systems, Not only are the hardware
gomponoﬁts integrated, but also requirements for real estate, power, and
other aspects of the systom-—cspecially for personnel. The equipment is
desigued for human usc, although there may be tradL~offs in which the lLuman
engincer loscs out to the hardware engincers The new jobs xequired anc
identified, as arc the numbers of men who will be uceded in cach type of job.
Training plaus are developed to bring the pcoﬁlc and the hardvare together
at the samc time.

As cquipment becomgs available from thp manufacturers, it undergooé
various tests, including tests of the complete system dncluding personncl,
before it is finally adopted.

Anothex asbect of the process ds the developuwent of doctrine-~~the policy
and procedures for the use of the new cequipment and ovganizations. 1t pro-
vides the syston commmders and mnn&gors with guidcelines on how to use the

new equipment cffectively.

»
.
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that many of the new management techniques, such as PERT, cost-effectiveness,
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As with any complex human endeavor, there are problems aplenty .
bringing a complex combination of men and'machincs to completion. Coor-

dination and decision problems abound, because many differeunt agencies are

involved, as well as different kinds of specialists. It is no accident’

and program budgeting, have been developed by the armed forces in oxder to
deal with these problems. The concept of the system itself received new
impetus f£rom the work of the military in developing new weapon systems.

Despite the problems, the services are far ahcad of other groups in

having mechanisms for the orderly intwoduction ol innovations. )

A Planning Systew for Iducation

It secems appropriate for education to begin to develop a plamning system
which could bring innovations into use on a planmned, regular basis, and

thus provide a means of self-renewal. This system should encompass the
' L{

following fcatures:
a. Forecasts for varying time periods of the major trends in our

society‘whicﬁ have implications for education.
b. Technological forécasfé in all the fields which may have
implications for education, as well as regular monitoring of actpgl deveiop~
ments. These fields might include:
(1) Behavioral Science
(2) C&ﬁmuuication
(3) Operations Research

(4) ‘Architecture and City Planning

(5) Information Science

(6) Data Processing
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¢. Explicit formulation of requirements for new systens and

supporting organizations. :

-
-~

d. Introduction of thesc systems and maintenence, until it dis

time to dntroducc a nev one., .

At stage c above, requirements for industiry will be developed.

’

SUGGESTTONS FOR SOLVING . -
THIEE PROBLIEM

In the prcceding matexrial, background has been developed for posing
some suggested angwers to the problem of how - to create better cooperation
/ :
between the cducator and industry. We have scen that educators are homo-
‘géneous mnembers of a labor-intensive enterprise, so theat ﬁearly any intro-
duction of hardware means a significant innovation. The éystems approach
has been reviewed, and the process of change has been discussaod.

Now we are in a position to make a number of suggestions, both for the

, i o
short-range and for the long-range, for both educators and industry.

Short Lange Suggestions

For Educators

1. Work toward specifying the objectives of instruction in terms of

.specific performances to be developed in students. With such objectives

it will be possible for both educators and industry to see how specific
media and programs " can be of assistance in meeting the objectives.

2. Provide industry with feedback on how various pieces of hardwarc
apd software work-—-or don't_Work. _vaan item is too cﬁmbersomc to use, and

winds up in the storercom, say so.

R}
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3. Maintain surveillance of new developments and be willing to

4
.

make and support appropriate innovations.

For Industry .

i. Keep in mind that the education establishment, representing a Laboi-
intensive centerprise, doesn't really feel it nceds you: Its mewbers will
prchably view you with suspicion, as being corcerned more with profits
than with service. Further, you represceat change, and change can be uncom-
fortable. Therefore, it is up to industry to take the initiative with regard
to contacts with aducators. Join cducational organizations, attend meetings,
and learn the characteristics 6f the edvucator,

2. Develop the kinds of innovations that have a high likelihood of

. spreading. Thesc should be:

a. Of high relative advantage, TLearn ecnough about education so

that you can learn what the problems are as viewed by educators. Then

develop items that will have a clear relative advantage in solving those
problems.

b. Divisible. For the short~run it is desirable to develop iteus

that can be put to use on a, trial basis in part of a school. In this way,

others can hear about the new item.

c. Yielding highly visible results. 7The effeccts of the item in

.solving an educational problem should be highly visible. Thus industry will

have to do much more in the way of sponsoring evaluative trials of the item
so that clear data on its capabilities can be developed.

d. Simple to use. The itcem should be "human-enginecred" to make

-

it easy to use. Instructsons chould be tested for clarity. If training is

required, training plans and programs should be developed. Provide sugges-—

tions for the optimal use of the item.
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3. JXdentify the innovators. Despite the general conservatism and

.

resistance to change of ecducators, there arc persons who are wiilihg to
innovate. Thece persons hould be identificd, for they may be willing to
give your products a first trial, from ﬁhich others may learn apd decide
to adopt. Some organizations within the galaxy of educational socictices
arc likely to contain more than their share of potential innovators. These
are the associations concerned with audiovisual devices, data processing,
broadcasting and programmaed instfuction.

4, Learn how'important educational decisions are'mado. In mosct comr-
munities the power to make the most iwportant decisions does mot lie with
the educators. The amount of fuands, the degree of immovation, or Lhe cur-
riculum may be guided'more by persons in political or cconomic power than

by educators. These people should be studicd and influenced toward inno-

vation and change.
' Long~Range Suggestions

For Educators

.
*

1. Work toward the admission into your ranks of people with a diversity

-

of backgrounds, so as to encourage nevw and different views of the educational
process. Work toward the changes in tcacher and supervisory certification
legislation which will make this possible. |

2. Work for a system of long~range educational planning that will
permit orderly trial and infxoduction of innovations.

3. Work toward acceptance of the system concept, with clear definition

of objectives and specific functions to carry out those objectives.
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1. Vork toward reducing the forces making for homogeniety among cducators.

'

Lobby to change certification requirements..

2. Work toward the acceptance of the view that equipment can perform
many cducationai functions as well as, or better than human beings. Your
problem is to make education less labor-intensive. Your tcchniques’may
include lolLbying, advertising, and other forms of persuasion. The céncept
of the systems approach to educalion contains the important ideas toward
which you should be working.

3. Work toward a system of long-~range plauning that will 1eag to
planned innovation. FEach of these innovations should open sizable markets
- to you. .

4, TLducate those in power to change their views toward the amount and
scope of educational innovation and the necd for equipment and programs.

5. ‘Sponsoy demonstration systems. In order to show what could be done
by really innovative approches, industry associations could build completé
instructional systems, With the.potential gf present day technology which
is not beiné.used, such systems could be strong stimuli éowardmchange, if

given adequate publicity. | L
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